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Abstract

In this paper, a dual band microstrip antenna with soft surface for gapfiller applications is proposed. The proposed
antenna with similar radiation pattern and gain is fabricated on R04003 substrate with a dielectric constant of 3.38
and a thickness of 0.508 mm, and operates in IEEE 802.11a/b bands. The size of the antenna is 50%x56.5%5.5 mm’
and the ground plane size including soft surface structure is 175.0x154.4 mm’. The antenna is fed by coaxial cable.
The simulated bandwidths of the antenna are 2.388~2.493 GHz and 5.561~6.051 GHz for VSWR<2. The gains are
10.63 dBi and 10.33 dBi, respectively, for the lower and upper bands.
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Fig. 1. The scenario of satellite communication inside
the tunnel.

A& daE 943 HE W sle 92718 4
A8 = & e XS FA X (gap filler)7t 283}
o N5 274 AA g EFste] HdoAM A
= AgE g Ax AZ uigoA 7|8 E tE
AR 9ae] A& o|FoT ¥ EY AHE
olste} A} o] WA Wk 1 o)F E
A7 BE S 5348 o HE W] 74 #7elA F
Ao A& 7HAE dEHU ANEo] "y elth
AZ FAE I 101X Zo], Bd 97l 4
A8t otel WHantenna 1), Bl W ¥l AXste ¢
Bl WHantenna 2) 183 34 oA Ao A3
%= ot iKantenna 3)2 3 3707 otk A4S
o] 43 AHY Mul2e FUYATFAAN Bl A5
7b 914, AE FA AXNE Bt AHEe] @E7)
2 A4HE forward link e} AHEAS] ©L7|25H
A5 A FA, 944 Tt FYAFTLE
HUYA)E return linkE 72 4 A th Forward link
= AL 36 MHz9 W44 36 MHZEA F 72
MHz7} 2 2.3, return linke 4422 32 MHz
7} Bosith webd Af dgEL2 104 MHzol W,
HINYGS x3shE 4 150 MHz ©)/4fo] P83}
o A AHE S FAAEY Gole 24~2483
GHz, 5.15~5.35 GHz$} 5.725~5.825 GHz ti¥] 3l
t} 0]% A, #8 2 9§ 802 /7t YR3A
oY= ISM - IEEE 802.11b thj¢l 2.4 GHz t9
7} 802.11a thE Q) 5.8 GHz thg o™, 150 MHz ©|%
ol Q3 AT FA FX e 5AF 802.11ab F W
oL BT AMEslojok dn} wEtA F g S &
& 4 e o)l g9 gElurt sttt £ B
Wiel 74 o) Ao AAH e eV 337 F
A ZEAS 95t F ool A FAEE Rk BAL

PN

1146

delo] Aol Bld #ANM HE £4E B
A7) Qael F ojleln BF 28 oS

2ol meb A3 FA FAE dEVHE 802.11ab
ol T2 0|53 KA Z¥S B4 el
AR EAY & lofok B,

o] AZXEY HA gV AHE M, 3
F, &9 AZOR st Fol AMEHI Utk o
A0l vlolAR 2EY QEluE 7|E Foee A
F w7t HE Fu4o A L2 higher order reso-
nant mode)7t EA gtk Tx X = AL HEo]
7|8 Foppds o8 FHE 7HE BT o 7]
B Fo5E AT A4, IXUEE v I
2 o] §Ao|A HEZ yZXHE o]&3}d o|F
He g AA e 47 g w0l
gl A Faste ol AZAEY A ¢HYE
FEa] M bE 71es ol&staol &,
olF TAE FEd] st AA sbE AZ
Bllgt AL Wite] gt A Atgdahe Wl 7)
A A3 FA s wy, Ao £28 37}
st gl se Has & 9ok X0 stb

=
AAst= YL FrhetaA sk 33 FY A
/4 Zol2] open-circuited stubS AATE ROZH
o|F ZA EAL A& # Yt} AT swbE FA
glo] o]F FTAE WAAIE ¥ Wi Wi EA
& 7HAA Hol gEivey AFE AstAIth W
o &g BE AYATIE WS Ve Fage) 34}

ik
=9 7|8 Fagrt 22009 $3 Y wsle 3
Hath watM Fa4 20| 7hsdtd dile F

B B9 e A & glou, 949 tdZo) 1)
$ 3o AP AT 7 AAE 3715 T2
ol BostA o ¥ F T A4t e &

e
oz
>
oY
|o
i
x
o
ol =
o
bl
2 2
2
o, 1o
T
Lo
W S
Y
\J (o3
L)
L ol
offt Hu L ofr X

o
3
o

lo —a
=
o
ox
-
Aq,
rir
oM,
:[o
kd
N

B Y
-2
o

& o of



Soft Surface® o] L8 AF FA AL o)F UY wo|ARAEY SHEHY

£ 7MY FFss olF iy gElvhe] A7} 7t
=9g gad v Qi g A o F
e QHEUES 3 o5 S4E THAER H4st
WLANS &5317] 9 A AAE ez
AHE7] el E O B o5E A E eyt
A7 =ojoF gt

nlo] A2 2EY HA et o5& 5
93 Wy o= ] ¥ 3 Electromagnetic Bandgap(EBG)
Fzg ga s wyo] gl e WES
274 ol BYE el ARE AEE AR
A WAFLEN ofFS IINE F I
A2 ALY MRS 7HAE oF oy HdA
Sierpinski ZH & g FeY= o]F thHN F
it 9d 2 dEHUE WEd A2EN 2
% 3 FHe7t 92 & 32 Fus F ol ol
d Aol E FARE Bokel AL HEE TpAY F
Z3eh, A AT F49 Qe 2AES W
gafof 3, £AE 749} DHo] A FELS
slof StEE AA eVt A7)7F AAA ok &
&, 747te) A5 tie FHLE st FAF
AA 7 BR8N AT O 02 B4 RS 3341
£ U9-E EBG 724 22 A 34 FH Y F7
ZE $&3te PNl ok EBG T2 dHY
ZHE FAAZ Q7H AR89 3714 718 A
o]l B9 o3 WAste EHAE 7% /PR
g7tz Agsls RE ADTo2N, AL HE Y
o BALE AAANA o5& AT £ gtk 17
U EBG TZRE & 3F7] o) Hejok shui, ¢
U25E 12 Bg9 AYE FAsok 2R ¢E
o) arzt ARE @3] Aok ¥ ofye} 2
& 3N Foert G & 37 Faed 28 oy
o] HlE el A, F hE BFolM ol5e &
X718 H EBG F27F HR3 AT A2 softhard
surface T2E ©]§-3te] QtElLte) WA} E4E A7

)

-

A I|A FOoHME BAL djEe AL,

EBG X9 Hlgte && A7E 7HAl= gEIvst
ArH QM Soft surfaces AA Y-S A8
o Ao 252 dAae 202N EBG T2 E

s, Azt ring FEI 2 Qelvhe) SR F7Fs)
ot e BARE sty o5& YA &
AT gk Liol olste] A A ring ¥
B9 soft surface? M= T ol A A0E of
L & g Gol 2 soft surface® AASH oHE B
o Bl fiele 2 37t gAY vuAA g,
B =RAHE F 9 €52 7HAE oF U9
nlo] AR XAEY <EUe] F tlgelM BF T
= soft surfaceS F=713t4] 802.11a/b T A 10 dBi
ol4e] 1o|5S 7IXE SHUE A gttt

0. L 7= o 54

verigit, e F RS 28
azxey Qold, ANE AR e 7]
A F2E ANSHE B Aolel F712(e =10l

I, Qv 5% AR FASA 7182 vR

e & —fe— & ——]
o]

/52
L
Cy AL
b
4

T
<

+ t
t d T Th
Coaxial feed
b) FHx=
(b) Side-view

J8 2. o]F dY mlo|222EY ey 72
Fig. 2. Structure of dual band microstrip antenna.
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Table 1. The design parameters of the dual band mi-
crostrip antenna.

Design parameters in mm
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d 0.92 e 15
L 31 lo 355
Wil 21 Ws2 46.0
by 255 b, 13.5
c 55 1) 3.0

ot A A7]= WxLoH, Fo| A Feoll wiA|
sttt A2 £59 7tZ 9 MZ Aol ZHzt w3
[olm, L& ¢0]3, & 59 7I29 A2 Zoj&
47} wost IpolH, E& ol

£ 1& HAAY A7)7} 175.0x154.4 mm*o] soft
surface”} §lo] AAE o]F Y mlo]AZAEY o
Blute] AA dgroltt Stely AAE 3 Al B
o] 42 CSTAS] A7) 1} A48 A& o] EI] MWS
(Microwave Studio)E AH&-3tth 19 32 o]F dl
o nfolAZAEY QL] uEAL &4 ojt} VSWR
<Q 71E HAL £4E 2397~2.499 GHz} 5.347~
6.097 GHzS} tHHZE 7HRth

I8 4= 22 £329 A2 Zo) ;9 Wald o}
WA &4 B S HAST A2 ZolE 12 mm
A 14 mm, 16 mmZ F7HA 7o) we} 52 & 2
7 #3777} 6.05 GHzol A 5.83 GHz, 5.58 GHzZ 7+

0
)
o /\/
T 10 \/
g ‘\/
°
=
3
% 2071
o
_30 1 1 n L t i

2 3 4 5 6 7
Frequency (GHz)

BTN B AR
Fig. 3. Return loss of the simulated antenna.
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Fig. 8. Radiation patterns at 2.44 GHz.
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Fig. 11. Variation of radiation pattern with respect to
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Fig. 15. Variation of radiation pattern with respect to
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Fig. 18. Variation of radiation pattern with respect to
the distance of s at 2.44 GHz.
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—= 28.45 mm
------ 38.75 mm
== 4905 mm

(a) xz HH
(a) x-z plane

—— 28.45 mm

e "~ 38.75 mm
(dBi) - 4905 mm

() yz ¥4
(b) y-z plane
A8 19. 5.85 GHzoll A 9] 74+ g0 wE EAL HE
Fig. 19. Variation of radiation pattern with respect to
the distance of s, at 5.85 GHz.
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0 =mmme Without SS co-pol
g =—With 8§ co-po!

(@) xz B9

0 =emmme Without S$ co-pol
0 ~————With SS co-pol

(b) yz %4
(b) y-z plane

O 20. 244 GHzol M9 BA} o™
Fig. 20. Radiation patterns at 2.44 GHz.
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E ZAAY, yz FHAMY vbEy ] £2363°
oA 36.0°2 FT AT 2 HFY cross-po-
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FHOZE 244 GHzOMA F713t1 o™, 5.85 GHz
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HAHOZRE 55 mme &0 /A2, 5 9
T cavity9} Hl523 9E& e} Cavity-backed <FE)

O =———— Without SS co-pol
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(a) x-z B9
(a) x-z plane
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(b) y-z plane
O& 21, 5.85 GHzelA o A} 3iH
Fig. 21. Radiation patterns at 5.85 GHz.
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Fig. 22. Current distributions at 2.44 GHz. Fig. 23. Current distributions at 5.85 GHz.
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E 2. Soft surface® F718 ¢ A s tete]
AA g
Table 2. The design parameters of the optimized an-
tenna with soft surface.

Design parameters in mm

L 56.5 W 50.0
L 154.4 W, 175.0
r 0.92 n 0.5
5y 52.3 52 38.75
d 10.2 g 0.1
----- Simulated co-pol = »e=s Simulated cross-pol

Measured co-pol === = Measured cross-pol

-15 o

-30 4

-15

(a) xz HH
(a) x-z plane

----- Simulated co-pol ===+ Simulated cross-po/
Measured co-pol === Measured cross-pol

(b) yz B4

(b) y-z plane
T3 25. 243 GHzolM 9] BAL A"
Fig. 25. Radiation patterns at 2.43 GHz.
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(a) xz 39
(a) x-z plane

----- Simulated co-pol ===« Simulated cross-pol
Measured co-pol = = = Measured cross-pol

(b) yz B9
(b) y-z plane

T8 26. 5.76 GHzol A 9] EA} 9
Fig. 26. Radiation patterns at 5.76 GHz.
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